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[0018] 

The above-described layered transducer 20 constitutes a 
most characteristic part of the present invention. In the 
layered transducer 20, as shown in Fig. 2, a piezoelectric 
material 26, such as lead titanate zirconate ceramics (PZT) , 
is provided with external electrodes 27, 28 attached to 
surfaces of the piezoelectric material 26 situated at the 
top and at the bottom in a thickness direction of the 
piezoelectric material 26. Further, multiple layers of 
internal electrodes 29, 30 are transversely provided from 
one side face to the other side face at predetermined 
intervals within the thickness of the piezoelectric material 
26 so as to form multi-layered, for example, three-layered 
lamination. In addition, the top and bottom external 
electrodes 27 and 28 are connected to the internal 
electrodes 29, 30 situated after the next one through 
separate wiring channels formed on the mutually opposing two 
side faces, respectively. A plurality of the layered 
transducers 20 are arranged in two directions orthogonal to 
each other so as to form a two dimensional array transducer. 
The array transducer is configured, for example, as a group 
of transducer elements arranged in two dimensions on a plane 
including a minor axis direction x-x' and a major axis 
direction y-y' shown in Fig. 1. Reference numeral 31 of Fig. 
1 represents section slits along the major axis direction y- 
y' of the group of transducer elements composed of the 
above-described piezoelectric material 26 arranged in two 
dimensions, and reference numeral 32 represents section 
slits along the minor axis direction x-x' . 
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[0019] 

Specifically, in Fig. 2, an insulating film 33 is formed, 
on one side of the piezoelectric material 26, over an end 
face of one internal electrode 29 disposed within the 
thickness of the above-described piezoelectric material 26, 
while an insulating film 34 is further formed, on the other 
side of the piezoelectric material 26, over an end face of 
the other internal electrode 30. In this state, a 
conductive film 35 extending from the top. external electrode 
27 to another end face on the opposing side of the other 
internal electrode 30 is formed, while a conductive film 36 
extending from the bottom external electrode 28 to another 
end face on the opposing side of the one internal electrode 
29. In this manner, one of the wiring channels connecting 
the above-described top external electrode 27, the 
conductive film 35, and the other internal electrode 30, and 
the other one of the wiring channels connecting the bottom 
external electrode 28, the conductive film 38, and the one 
internal electrode 29 are established. As a result, an 
obtained configuration becomes equivalent to arrangement of 
external electrodes having different polarities disposed 
between the top external electrode 27 and the one internal 
electrode 29, between the one internal electrode 29 and the 
other internal electrode 30, and between the other internal 
electrode 30 and the bottom external electrode 28, and 
constitutes the layered transducer 20 laminated in three 
layers . 

[0029] 

Fig, 5 is a diagram showing process steps for explaining 
a method of manufacturing an ultrasonic probe configured as 
described above. First, as shown in Fig. 5(a), the top 
external electrode 27, a first piezoelectric material 26a, 
the one internal electrode 29, a second piezoelectric 
material 26b, the other internal electrode 30, a third 
piezoelectric material 26c, and the bottom external 
electrode 28 are stacked on top of each other in layers, and, 
in the stacked state, all the layers are integrally sintered, 
thereby forming three-layered lamination of the 
piezoelectric materials 26a, 26b, and 26c having a certain 
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extent of spread. 
[0030] 

Next, the material of the layered transducer in which 
all the layers are integrally sintered as described above is 
sectioned and separated, as shown in Fig. 5(b), by a 
predetermined width W along the minor axis direction x-x' to 
form section elements 42 formed in the shape of a strip. 
Accordingly, a plurality of the section elements 42 formed 
in the shape of a strip as shown in Fig. 5(b) are created 
from the material of integrally sintered lamination shown in 
Fig. 5 (a) . 
[0031] 

Then, the above-described section element 42 formed in 
the shape of a strip is provided, as shown in Fig. (c) , on 
either of the opposing side faces along the longitudinal 
direction of the section element 42, with the insulating 
film 33 having a predetermined width formed over the end 
face of the one internal electrode 29 on one of the opposing 
side faces and the insulating film 34 having a predetermined 
width formed over the end face of the other internal 
electrode 30 on the other of the opposing side faces. As a 
result, the end face of the one internal electrode 29 on one 
of the opposing side faces and the end face of the other 
internal electrode 30 on the other of the opposing side 
faces are respectively processed for insulation. 
[0032] 

Next, the section element 42' processed for insulation 
as described above is, as shown in Fig. 5(d), further 
provided with the conductive film 35 for connecting the top 
external electrode 27 and the end face of the other internal 
electrode 30 on the side face where the above-described 
insulating film 33 is formed, and provided with the 
conductive film 36 for connecting the bottom external 
electrode 28 and the end face of the one internal electrode 

29 on the other side face where the conductive film 34 is 
formed. In this manner, both of the external electrodes 27 
and 28 on the top and the bottom surfaces are connected via 
separate wiring channels to the internal electrodes 29 and 

30 situated after the next one, respectively. 
[0033] 
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Next, a predetermined number of the section elements 42" 
wired as described above are arranged at fixed intervals S 
as shown in Fig, 5(e), fixed by filling an adhesive 44 in 
spacings 43 determined by the fixed intervals S, and cut at 
the predetermined intervals so as to have an element width B 
along a direction orthogonal to the longitudinal direction 
of the section elements 42". After the cutting along the 
direction orthogonal to the longitudinal direction, the 
adhesive 44 is also filled in the spacings 45 created by the 
cutting similarly to the above-described spacings 43 to fix 
the section elements 42". In this manner, the layered 
transducers 20 are configured so as to form the group of 
transducer elements arranged in the two-dimensional array on 
the plane including the miner axis direction x-x' and the 
major axis direction y-y' as shown in Fig. 1. 
[0034] 

After the manufacturing of the group of transducer 
elements obtained by arranging the layered transducers 20 in 
the two-dimensional array as described above, process steps 
for forming the acoustical conforming layer 21 having 
conductivity, the insulating sheet 22 having the conductive 
film 37 attached thereto, the acoustical dampening layer 23 
having conductivity, the flexible printed board 24, and the 
base 25 shown in Fig. 1 are sequentially performed, to 
finally manufacture the ultrasonic probe. Although the 
number of layers of the layered transducer 20 is described 
as 3 in Fig. 5, the number of the layers is not limited to 3 
in the present invention, and other numbers of layers may be 
formed as long as the number is an odd number. Further, 
although only a portion being the transducer is sectioned 
along the miner axis direction x-x' and the major axis 
direction y-y' in the above description, the portion being 
the transducer may be cut and sectioned in two dimensions 
after the acoustical conforming layer 21 and the acoustical 
dampening layer 23 are bonded and fixed to the portion. 
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Abstract of JP11299779 
PROBLEM TO BE SOLVED: To provide an 
ultrasonic probe which enables to reduce the 
generating of artifacts, to observe a 
tomographic image inside a subject with high 
resolution, and to three dimensionally display 
an arbitrary location by electronic scanning. 
SOLUTION: The vibrator of this ultrasonic 
probe is constituted of outer electrodes and 
inner electrodes. The outer electrodes are 
placed on the top and bottom faces in the 
thickness direction and the inner electrodes 
are placed at prescribed intervals within the 
thickness. Both kinds of electrodes are 
connected so that the outer electrodes at the 
top or bottom faces and the inner electrodes 
placed alternately are to be mutually different 
wiring in two side faces. Plural vibrator 
elements made by such a manner are 
arranged in orthogonally crossed two 
directions to form a two dimensionally 
arranged vibrator so as to execute 
transmit/receive ultrasonic waves by every 
vibrator element. Thus the generation of 
artifact is reduced to enable to observe the 
tomographic image inside the subject in high 
resolution and to stereoscopically display an 
arbitrary location by electronic scanning. 
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